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Abstract
Background: Most tutorial ontologies focus on illustrating one aspect of ontology development, notably
language features and automated reasoners, but ignore ontology development factors, such as emergent
modelling guidelines and ontological principles. Yet, novices replicate examples from the exercises they carry
out. Not providing good examples holistically causes the propagation of sub-optimal ontology development,
which may negatively affect the quality of a real domain ontology.
Results: We identified 22 requirements that a good tutorial ontology should satisfy regarding subject domain,
logics and reasoning, and engineering aspects. We developed a set of ontologies about African Wildlife to serve
as tutorial ontologies. A majority of the requirements have been met with the set of African Wildlife Ontology
tutorial ontologies, which are introduced in this paper. The African Wildlife Ontology is mature and has been
used yearly in an ontology engineering course or tutorial since 2010 and is included in a recent ontology
engineering textbook with relevant examples and exercises.
Conclusion: The African Wildlife Ontology provides a wide range of options concerning examples and
exercises for ontology engineering well beyond illustrating only language features and automated reasoning. It
assists in demonstrating tasks about ontology quality, such as alignment to a foundational ontology and
satisfying competency questions, versioning, and multilingual ontologies.
Keywords: Ontology Engineering; Tutorial Ontology; African Wildlife
1 Background
The amount of educational material to learn about
ontologies is increasing gradually, and there is mate-
rial for different target audiences, including domain ex-
perts, applied philosophers, computer scientists, soft-
ware developers, and practitioners. These materials
may include a tutorial ontology to illustrate concepts
and principles and may be used for exercises. There
are no guidelines as to what such a tutorial ontology
should be about and should look like. The two most
popular tutorial ontologies are about wine and pizza,
which are not ideal introductory subject domains on
closer inspection (discussed below), they are limited to
the OWL DL ontology language only, and are over 15
years old by now, hence, not taking into consideration
the more recent insights in ontology engineering nor
the OWL 2 standard with its additional features [15].
Considering subject domains in the most closely re-
lated area, conceptual modelling for relational databa-
ses, there is a small set of universes of discourse that
are used in teaching throughout the plethora of teach-
ing materials available: the video/DVD/book rentals,
Full list of author information is available at the end of the article
employees at a company, a university, and, to a lesser
extent, flights and airplanes. Neither of these topics for
databases lend themselves well for ontologies, for the
simple reason that the two have different purposes. It
does raise the question as to what would be a suit-
able subject domain and, more fundamentally, what it
is that makes some subject domain suitable but not
another, and, underlying that, what the requirements
are for an ontology to be a good tutorial ontology.
In this paper, we will first analyse existing tuto-
rial ontologies and highlight some issues (Section 1.1).
We then proceed in Section 2 to formulate a prelimi-
nary, first, list of requirements that tutorial ontologies
should meet, the contents of the African Wildlife On-
tology (AWO) tutorial ontologies, and how the AWO
fares against the requirements. Further utility is de-
scribed in Section 3, as well as a discussion. The scope
of this paper is thus to introduce the AWO tutorial
ontologies and to frame it in that context. Finally, we
conclude the paper in Section 4.
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1.1 Tutorial ontologies: examples of error propagation
in teaching
There are two popular tutorial ontologies, being the
Wine Ontology and the Pizza ontology, one for being
linked to the OWL guide and the other for being linked
to the most popular ontology development environ-
ment (Prote´ge´). They both have various shortcomings
as tutorial ontologies, however, especially concerning
modelling practices or styles, which are discussed first.
The Wine ontology[1] and its related “Ontology de-
velopment 101” [2] predates OWL 1 with its frames
and slots. While the guide contains good suggestions,
such as that “Synonyms for the same concept do not
represent different classes”, there are modelling issues,
notably that the ontology is replete with the class-as-
instance error[3] (e.g., TaylorPort as instance of Port
and MalbecGrape as instance of Grape instead of as
subclass of), and the sub-optimal object property nam-
ing scheme of ‘hasX’ , such as adjacentRegion between
two Regions rather than the reusable and generic adja-
cent. Further, it uses different desiderata in the direct
subclassing of wine[4], which does make it interesting
for showing classification reasoning (except the unde-
sirable deduction that DryWine ≡ TableWine), but is
not ideal from a modelling viewpoint. Further, from a
tutorial viewpoint: there are many repetitions, such as
very many wineries, which distract from the principles,
and it lacks annotations.
The Pizza ontology tutorial was created for the
Prote´ge´ user manual and OWL DL ontology language
[1]. It reflects the state of the art at that time, yet much
has happened over the past 15 years. For instance,
there are new OWL 2 features and there are founda-
tional ontologies that provide guidance for represent-
ing attributes (cf. Pizza’s ValuePartition). Pizza’s Do-
mainConcept throws a learner straight into philosoph-
ical debates, which may not be useful to start with,
and, for all practical purposes, duplicates owl:Thing.
Like the Wine, it has the ‘hasX’ naming scheme, such
as hasTopping, including the name of the class it is
supposed to relate to, which is a workaround for not
having qualified number restrictions (an OWL 1 arte-
fact) and sub-optimal ontological analysis of the re-
lation (in casu, of how the toppings really relate to
[1]http://www.w3.org/TR/2003/PR-owl-guide-20031209/wine
[2]https://protege.stanford.edu/publications/ontology_
development/ontology101-noy-mcguinness.html
[3]Promoted by the incorrect statement in the guideline
“Individual instances are the most specific concepts
represented in a knowledge base.”
[4]e.g., the likes of Bordeaux and Loire (region-based) and
Chardonnay and Cabernet Sauvignon (grape-based), and then
there are other criteria, like DessertWine (food pairing-
based grouping) and ‘wine descriptor’ ones (DryWine,
RedWine, TableWine)
the rest of the pizza) that reduces chance of ontol-
ogy reuse and alignment. Also, this propagates into
students’ modelling approaches[5]. Modelling issues are
compounded by the “we generally advise against do-
ing [domain and range declarations]” in the tutorial
documentation. When one aims to get novices to use
Prote´ge´ and OWL so as not get too many errors with
the automated reasoners, that might make sense, but
ontologically, fewer constraints make an ontology less
good because it admits more unintended models. Fi-
nally, it has repetitive content to show features, which
may be distracting, and, as with Wine, there is only
one ‘final’ ontology, despite that multiple releases are
common in practice.
Other tutorial ontologies include Family History,
University, and Shirt. Family History [2] is developed
by the same group as Pizza and aims to teach about
advanced OWL 2 features and maximise the use of
inferencing. Loading it in Prote´ge´ 5.2 results in three
punning errors and trying to classify it returned an
OutOfMemoryError (on a MacBookPro, 2.6 GHz and
8GB of memory), which is not ideal to start a tutorial
with. Concerning modelling issues, ParentOfRobert il-
lustrates one can use individuals in class expressions,
but just that the language allows it, does not mean
it is ontologically a good idea that must be taught. It
also has the ‘hasX’ semantic weakness, very few anno-
tations, DomainEntity being subsumed by owl:Thing,
and multiple data properties. In contrast to Pizza and
Wine, all the declared instances are instances and the
ontology has different versions as one goes along in the
chapters. It has some subject domain aspects descend-
ing into politics, which would render it unsuitable for
teaching in several countries, such as stating that Sex
≡ Female unionsq Male (enforcing a gender binary) and that
Person v ≤ 2 hasParent.Person (biologically, but not
always societally).
The University ontology also focuses on illustrating
OWL features and automated reasoning, rather than
modelling. For instance, it has AcademicStaff with sib-
ling NonAcademicStaff where a “non-X” complement
class is sub-optimal, especially when there is a term
for it. The representation of Student v Person is an
advanced modelling aspect that can be improved upon
with a separate branch for roles played by an object.
The Computer Science Ontology was based on the Uni-
versity Ontology tutorial and contains artificial classes,
like unions of classes (ProfessorinHCIorAI) and under-
specified or incorrect individuals like AI and HCI (e.g.,
[5]such instances were found in ontologies developed by
students in earlier instances of the author’s course on
ontology engineering, such as developing a sandwich
ontology with hasFilling, an electrical circuit board on-
tology with hasIsolator, furniture with hasHeadboard etc.
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some course instance would be CS AI-sem1-2018 in-
stead).
The Shirt ontology is a tutorial ontology to explain
the structure and organisation of the Foundational
Model of Anatomy in a simpler way[6] and therefore
does not have the hasX naming scheme for object prop-
erties, it has no data properties and no instances. It
has many annotations with explanations of the enti-
ties. There are no ‘interesting’ inferences.
Finally, more or less related textbooks were consid-
ered [3, 4, 5, 6, 7]. Only the “Semantic Web for the
working Ontologist” (2nd ed.) has sample files for the
book’s many small examples[7] with two reoccurring
subject domains, being English literature and prod-
ucts.
1.2 Problems to address
The previous section described several problems with
existing tutorial ontologies. Notably, a recurring short-
coming is that good modelling practices are mostly
ignored in favour of demonstrating language features,
automated reasoning, and tools. This has a negative
effect on learning about ontology development, for tu-
torial ontology practices are nonetheless seen by stu-
dents as so-called ‘model answers’ even if it were not
intended to have that function.
The ontology survey does not reveal what may be the
characteristics of a good tutorial ontology and, to the
best of our knowledge, there is no such list of criteria
for tutorial ontologies specifically (only for production
level domain ontologies, such as [8, 9, 10, 11]).
1.3 Potential benefits of the African Wildlife Ontology
tutorial ontologies
In order to address these problems, we introduce the
African Wildlife Ontology (AWO). The AWO has been
developed and extended over 8 years. It meets a range
of different tutorial ontology requirements, notably re-
garding subject domain, language feature use and au-
tomated reasoning, and its link with foundational on-
tologies on the one hand and engineering on the other.
It aims to take a principled approach to tutorial ontol-
ogy development, which thereby not only may assist
a learner, but, moreover from a scientific viewpoint, it
might serve as a starting point for tutorial ontology
creation or improvement more broadly, and therewith
in the future contribute to an experimental analysis
of tutorial ontology quality. This could benefit educa-
tional material for ontology development.
[6]http://xiphoid.biostr.washington.edu/fma/shirt_ontology/
shirt_ontology_1.php
[7]http://www.workingontologist.org/Examples.zip; Last ac-
cessed: 26-11-2018.
Also, educationally, there is some benefit to ‘reusing’
the same ontology to illustrate a range of aspects,
rather than introducing many small ad hoc examples,
for then later in a course, it makes it easier for the
learners to see the advances they have made. This is
also illustrated with offering multiple versions of the
same ontology, which clearly indicate different types
of increments.
Finally, the AWO can be used on its own or together
with the textbook “An Introduction to Ontology Engi-
neering” [12], which contains examples, tasks and ex-
ercises with the AWO.
2 Construction and content
The construction of the AWO tutorial ontologies has
gone through an iterative development process since
2010. This involved various extensions and improve-
ments by design, mainly to address the increasing
amount of requirements to meet, and maintenance is-
sues, such as resolving link rot of an imported ontol-
ogy. Rather than describing the process of the iter-
ative development cycles, we present here a ‘digest’
version of it. First, a set of tutorial ontology require-
ments are presented together, then a brief overview of
the AWO content is described, and subsequently we
turn to which of these requirements are met by the
AWO.
2.1 OE Tutorial ontology requirements
Tutorials on ontologies may have different foci and it
is unlikely that an ontology used for a specific tutorial
will meet all requirements. The ontology should meet
the needs for that tutorial or course, and that should
be stated clearly. As such, this list is intended to serve
as a set of considerations when developing a tutorial
ontology. Each item easily can take up a paragraph
of explanation. We refrain from this by assuming the
reader of this paper is sufficiently well-versed in ontol-
ogy engineering and seeking information on tutorial
ontologies. For indicative purpose, the requirements
are categorised under three dimensions: the subject
domain of the ontology, logics & reasoning, and engi-
neering factors.
Subject domain
1. It should be general, common sense, domain
knowledge, so as to be sufficiently intuitive for
non-experts to be able to understand content and
add knowledge. Optionally, it may be an enjoyable
subject domain to make it look more interesting
and, perhaps, also uncontroversial[8] to increase
[8]Recent general issues include subject domains of ex-
ercises that perpetuate stereotypes and simplifications,
such as, but not limited to, the gender binary, who can
marry whom, and boys with cars.
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chance of use across different settings and cul-
tures.
2. The content should be not wrong ontologically,
neither regarding how things are represented (e.g.,
no classes as instances) nor the subject domain
semantics (e.g., whales are mammals, not fish).
3. It needs to be sufficiently international or cross-
cultural so that experimentation with a scenario
with multiple natural languages for multilingual
ontologies is plausible.
4. Its contents should demonstrate diverse aspects
succinctly when illustrating a point cf. being
repetitive in content.
5. It needs to be sufficiently versatile to illustrate
the multiple aspects in ontology development (see
below), including the use of core relations such as
mereology and meronymy.
6. It should permit extension to knowledge that re-
quires features beyond the Description Logics-
based OWL species, so as to demonstrate rep-
resentation limitations and pointers to possible
directions of solutions (e.g., fuzzy and temporal
aspects, full first order logic).
7. The subject domain has to be plausible for a range
of use case scenarios (database integration, sci-
ence, NLP, and so on).
Logics & Reasoning
I. The ontology should be represented in a logic that
has tool support for modelling and automated rea-
soning.
II. The ontology should be represented in a logic that
has tool support for ‘debugging’ features that ‘ex-
plain’ the deductions such that the tool shows at
least the subset of axioms involved in a particular
deduction.
III. It should permit simple classification examples
and easy examples for showing unsatisfiability and
inconsistency, meaning as not to involve more
than 2-3 axioms in the explanation, and also
longer ones for an intermediate level.
IV. The standard reasoning tasks should terminate
fairly fast (< 5 seconds) for most basic exercises
with the ontology, with the ‘standard’ reason-
ing tasks being subsumption/classification, sat-
isfiability, consistency, querying and instance re-
trieval.
V. The representation language should offer some
way of importing or linking ontologies into a net-
work of ontologies.
VI. The language should be expressive enough to
demonstrate advanced modelling features, such as
irreflexivity and role composition.
VII. The logic should be intuitive for the modelling
examples at least at the start; e.g., if there is a
need for ternaries, then that should be used, not
a reification or approximation thereof.
Engineering and development tasks
A. At least some ontology development methods and
tools should be able to use the ontology, be used
for improvement of the ontology, etc.
B. The ontology needs to permit short/simple com-
petency questions (CQs) and may permit long
and complicated CQs, which are formulated for
the ontology’s content and where some can be an-
swered on the ontology and others cannot.
C. At least some of the top-level classes in the hi-
erarchy should be straight-forward enough to be
easily linked to a leaf category from a foundational
ontology (e.g., Animal is clearly a physical object,
but the ontological status of Algorithm is not im-
mediately obvious).
D. It should be relatable to, or usable with, or else
at least amenable to the use of, ontology design
patterns, be they content patterns or other types
of patterns, such as the lexico-syntactic or archi-
tecture ones.
E. It is beneficial if there is at least one ontology
sufficiently related to its contents, so that it can
be used for tasks such as comparison, alignment,
and ontology imports.
F. It is beneficial if there are relevant related non-
ontological resources that could be used for
bottom-up ontology development, such as a con-
ceptual model or thesaurus.
G. It should be able to show ontology quality im-
provements gradually, stored in different files.
H. It should not violate basic ontology design princi-
ples (e.g., the data properties issue on hampering
reuse).
While this list may turn out not to be exhaustive in
the near future, it is expected to be sufficient for intro-
ductory levels of ontology development tutorials and
courses.
2.2 Content of the AWO – at a glance
The principal content of the AWO is, in the first stage
at least, ‘intuitive’ knowledge about African wildlife.
This subject domain originated from an early Seman-
tic Web book [4] (its Section 4.3.1, pp119-133, 1st
ed.) that was restructured and extended slightly for
its first, basic version; see Table 1 and Figure 1. It has
descriptions of typical wildlife animals, such as Lions
and Elephants, and what they eat, such as Impalas (a
sort of antelopes) and Twigs and (i.e., a logical ‘or’)
leaves. Basic extensions in the simple version of the on-
tology include plant parts, so as to demonstrate part-
hood and its transitivity, and carnivore vs. herbivore,
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which make it easy to illustrate disjointness, subsump-
tion reasoning, and unsatisfiable classes, and carniv-
orous plants to demonstrate logical consequences of
declaring domain and range axioms (in casu, of the
eats object property). Most elements have been anno-
tated with informal descriptions, and several annota-
tions link to descriptions on Wikipedia.
relation
eats
X
Animal Plant PlantPart
Herbivore
Carnivore
Lion Impala
eats
eats
is proper part of 
Twig Leaf
Grass Tree
Carnivorous
plant
eats X
is-a
X disjointness
implied relation
Figure 1 The African Wildlife Ontology at a glance. The
main classes and relations of the African Wildlife ontology
(v1) and an illustrative selection of its subclasses.
Like the aforementioned Family History ontology,
there are several versions of the AWO that reflect dif-
ferent stages of learning. In the case of the AWO, this
is not specifically with respect to OWL language fea-
tures, but one of notions of ontology quality and where
one is in the learning process. For instance, version 1a
contains answers to several competency questions—
i.e., quality requirements that an ontology ought to
meet [13]—that were formulated for Exercise 5.1 in the
“Methods and methodologies” chapter of [12]. Versions
2 and 3, on the other hand, have the AWO aligned
to the DOLCE and BFO foundational ontologies, re-
spectively, whose differences and merits are discussed
in Chapter 6 of the textbook. Their respective ver-
sions with the answers to the related exercises have
the name appended with an ‘a’ as well. Version 4 has
some contents ‘cleaned up’, partially based on what
the OOPS! tool [10] detected, it uses more advanced
language features, and takes steps in the direction of
adhering to science (e.g., type of carnivores, distin-
guishing between types of roots).
There are also four versions in different natural lan-
guages, being in isiZulu, Afrikaans, Dutch, and Span-
ish, which mainly serve the purpose of illustrating is-
sues with multilingual settings of ontology use, which
relates to content in Chapter 9 of the textbook.
2.3 AWO against the requirements
The AWO meets most of the requirements. Concerning
the subject domain, the content is general, versatile,
not wrong, sufficiently international, and not repeti-
tive (Items 1-4). The AWO includes the core relation
of parthood for, especially, plants and their parts, with
optional straightforward extensions with the partici-
pation relation (e.g., animals participating in a Chas-
ing event) and membership (animal collectives, such as
Herd; see v4 of the AWO), therewith meeting Item 5.
Representation of relevant domain knowledge beyond
Description Logics-based OWL species (Item 6) could
include information about temporal segregation of for-
aging or commensalism, inclusion of species with dis-
tinct successive phases (e.g., Caterpillar/Butterfly), and
the notion of rigidity between what an object is and
the role it plays (e.g., Lion playing the role of Preda-
tor; see v4 of the AWO). Use case scenarios (Item 7)
may be, among others, science of African wildlife, ac-
tivism on endangered species, and applications such
as a database integration and management system for
zoos and for tourism websites.
Regarding the logics and reasoning, the AWO is rep-
resented in OWL [15], and thus has ample tooling sup-
port for knowledge representation, reasoning, and ba-
sic debugging/explanation, with ontology development
environment tools such as Prote´ge´ (Items I-III). The
AWO has both ‘simple’ deductions and more elaborate
ones (Item III); e.g., compare Lion that is classified as
a Carnivore, having one explanation involving three ax-
ioms, with Warthog that is classified as an Omnivore,
for which there are three justifications computed that
each use, on average, five axioms. Because the AWO is
small, does not make extensive use of individuals and
high number restrictions, the reasoner terminates fast
under all standard reasoning tasks (Item IV). OWL
has the language feature to import other ontologies
and it also can be used in other ontology network
frameworks, notably the Distributed Ontology, Model,
and Specification Language DOL [16] (Item V). While
OWL contains expressive features such as role chain-
ing (Item VI), it, arguably, fails on intuitiveness es-
pecially for novices (Item VII). Regarding the latter,
e.g., novices make errors in the use of existential and
universal quantification (for as of yet unclear reasons),
which is not known to be a problem when modelling
the equivalent in, say, UML Class Diagrams, and there
is the elaborate n-ary (with n ≥ 3) approximation is-
sue.
With respect to the engineering aspects, by virtue of
the AWO being represented in OWL, there are tools
that can process the ontology (Item A), and there-
with ontology quality improvement methods can be
used with the AWO. They include, e.g., the popular
Prote´ge´, and various tools for methods and quality,
such as test-driven development [17] and OOPS! [10],
and ontology development support activities, such as
visualisation and documentation (e.g., [18, 19]). There
are also a few competency questions that can be an-
swered and that can be easily modelled to be answered,
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Table 1 AWO ontologies, with their main differences.
File name Difference
AfricanWildlifeOntology.xml This is the file from http://www.iro.umontreal.ca/~lapalme/ift6281/OWL/
AfricanWildlifeOntology.xml, that was based on the description in [4]
AfricanWildlifeOntologyWeb.owl AfricanWildlifeOntology.xml + changed the extension to .owl and appended the name
with Web. This ontology gave at the time (in 2010) a load error in the then current version
of Prote´ge´ due to the use of Collection in the definition of Herbivore
AfricanWildlifeOntology0.owl AfricanWildlifeOntologyWeb.owl + that section on Collection removed
AfricanWildlifeOntology1.owl AfricanWildlifeOntology0.owl + several classes and object properties were added (up to
SRI DL expressiveness), more annotations, URI updated (described in Example 4.1 in [12])
AfricanWildlifeOntology1a.owl AfricanWildlifeOntology1.owl + new content for a selection of the CQs in Exercise 5.1 in
[12] (its CQ5, CQ8) and awo 12 of the CQ dataset [14])
AfricanWildlifeOntology2.owl AfricanWildlifeOntology1.owl + OWL-ised DOLCE (Dolce-Lite.owl) was imported and
aligned
AfricanWildlifeOntology2a.owl AfricanWildlifeOntology2.owl + answers to the questions in Example 6.2 in [12]
AfricanWildlifeOntology3.owl AfricanWildlifeOntology1.owl + BFO v1 was imported and aligned
AfricanWildlifeOntology3a.owl AfricanWildlifeOntology3.owl + answers to the questions in Example 6.2 in [12]
AfricanWildlifeOntology4.owl AfricanWildlifeOntology1.owl + some things cleaned up (e.g., consistent naming) and
added some science content, more OWL language features are used (up to SRIQ), and
several educational explanations and questions for further exploration have been added in
annotation fields
AfricanWildlifeOntologyZU.owl Mostly AfricanWildlifeOntology1.owl but then in isiZulu, with IRI changed
AfricanWildlifeOntologyAF.owl AfricanWildlifeOntology1.owl but then in Afrikaans, has some IRI issues to resolve
AfricanWildlifeOntologyNL.owl AfricanWildlifeOntology1.owl in Dutch, with IRI changed
AfricanWildlifeOntologyES.owl AfricanWildlifeOntology1.owl in Spanish, same IRI but different file name
as included in AWO version 1a (Item B), and there are
examples and activities to link it to foundational on-
tologies (AWO versions 2 and 3) with easy examples
(Item C) (see below, ‘Utility and Discussion’). There
are several versions demonstrating various quality im-
provements (Item G), avoiding violating some basic de-
sign principles like data properties and punning hacks
(Item H), and touching upon some advanced engineer-
ing issues with multilingual ontologies (see Table 1).
Where it falls short at the novice level, is an easy way
to link it to another ontology (Item E) and bottom-up
development from non-ontological resources (Item F).
It is possible and feasible in a mini-project assignment,
however; e.g., one could use the freely available wildlife
trade data[9] or relate it to the Biodiversity Informa-
tion Standards[10] for application scenarios, and link
it to the Envo Environment ontology [20] or take it
easier on the domain knowledge with one of the avail-
able tourism ontologies to create an ontology network.
A bottom-up approach to knowledge acquisition for
ontologies is demonstrated with cellfie[11] that imple-
ments the M2 DSL [21] so that a modeller can add
content in a spreadsheet and cellfie converts that into
axioms in the ontology, as demonstrated in Example
7.1 of the textbook. Regarding ODPs (Item D), a con-
tent ODP with the current contents is not immediately
obvious, but other types of ODPs, such as architec-
tural ones, are easy to illustrate, alike for BioTop [22]
but then at the organism-level with an orchestration
between foundation, top-domain, and domain-level on-
tologies.
[9]https://www.kaggle.com/cites/cites-wildlife-trade-database
[10]http://www.tdwg.org/
[11]https://github.com/protegeproject/cellfie-plugin
3 Utility and discussion
The principal utility of the AWO is to be a concrete
machine-processable artefact for the related examples
and exercises, which we shall turn to first, and subse-
quently discuss the tutorial ontology.
3.1 Use in exercises and examples
The major utility of the AWO is its use in educational
activities for ontology engineering exercises and exam-
ples that are described in the “An Introduction to On-
tology Engineering” textbook [12]. It is not intended as
a real domain ontology, but it is explicitly designed as a
tutorial ontology that has a domain ontology flavour to
it. Consequently, the subject domain knowledge about
African Wildlife has been kept simple, yet amenable
to extensions.
An example of an exercise is shown in Figure 2,
which fits within the broader scope of sensitising the
student to the notion of quality of an ontology, with
competency questions as one of the options. It also of-
fers a gentle acquaintance with foundational ontologies
with some OWL classes that are either easy or fun to
categorise or to elicitate lively debate. For instance,
impalas die in the process of being eaten by a lion,
where both are subclasses of the straightforward Phys-
ical Object in DOLCE [23] or Independent Continuant
in BFO [5], and Death is a type of Achievement or Pro-
cess boundary, respectively. The exercises of aligning
AWO to DOLCE is additionally assisted by the D3
decision diagram [24]. Death/dying also provides an
entry point to the alternate modelling styles of process-
as-relation vs. process-as-class representation options.
Another core distinction in modelling styles are data
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properties vs. a hierarchy of qualities, for which a use
case of elephant’s weight in zoos across the world is
used (Section 6.1.1 of [12]).
Figure 2 Section of an exercise. Screenshot of the first part
of Exercise 5.1 in [12], which lets the student experiment with
requirements for the content of an ontology, trying to find
that knowledge, and the task of evaluating an ontology on its
quality based on its requirements. The high-level notion of a
‘good’ ontology—compared to ‘less good’, ‘bad’, and
‘worse’—has been introduced earlier in the textbook, which
has to be recalled and applied here.
While the emphasis in this paper is on modelling and
engineering aspects, the AWO is still suitable for teach-
ing about OWL language features and automated rea-
soning, as noted before regarding the deductions (e.g.,
Lion v Carnivore), and language features use such as
transitivity and (ir)reflexivity with parthood. Straight-
forward examples for demonstrating unsatisfiability
are multiple inheritance of Omnivore to the disjoint
Carnivore and Herbivore or to set the domain of eats to
Animal resulting in an unsatisfiable CarnivorousPlant.
Additional variants of the AWO are in progress,
which zoom in on subject domains with correspond-
ing exercises that are not yet covered in the intro-
ductory textbook. Among others, a future ‘version 5’
may be the engineering aspects of importing, aligning,
and integrating another domain ontology rather than
a foundational ontology, such as a module of the En-
vironment Ontology with the habitat information or
a tourism ontology, with a corresponding sample an-
swer file. The former option would be more suitable
for ontology development in ecology, whereas the lat-
ter is a more practical option in a tutorial/course for
people in other disciplines. Other themes that have not
been covered explicitly yet but easily can be applied to
the AWO are modularisation [25] and Ontology-Based
Data Access with its recent tools [26], and it could be
assessed against the MIRO guidelines for reporting on
ontologies [27].
3.2 Discussion
The AWO meets most of the tutorial ontology require-
ments that evolved and extended over the years. The
AWO goes beyond extant tutorial ontologies that over-
whelmingly focus only on demonstrating language fea-
tures and automated reasoning, or how to use a specific
version of a specific tool. In particular, the AWO brings
in ontology development aspects, such as competency
questions and alignment to a foundational ontology,
among others.
The illustrations of gradual quality improvements—
common in ontology development—go beyond the no-
tion that a new version only uses more language fea-
tures, as in Family History [2] and University[12]. In
particular, there are improvements on aspects regard-
ing, among others, content, naming, annotations, and
foundational ontology alignment.
Also, care has been taken in representing the knowl-
edge, such as avoiding some common pitfalls like the
class-as-instance and certain naming issues like ‘and’,
‘or’ or negation in a term [9]. Unlike other tutorial on-
tologies, including the popular Pizza and Wine, it is
richly annotated with informal descriptions, pointers
to introductory domain knowledge, and questions for
further exploration of a modelling topic.
Tutorial ontology subject domains such as one’s fam-
ily history, a university, or one’s pets are distinctly
focussed on individual application scenarios that may
serve database development, but do not give an ed-
ucationally good flavour of typical scopes of domain
ontologies. In that regard, pizzas and wines fare some-
what better, which, however, have repetitive content,
such as listing all ingredients of pizza topping. Con-
trast this with animal wildlife, where it suffices al-
ready to represent that a lion eats animals to have
it classified automatically as a carnivore. The wildlife
subject domain is generic rather than specific for one
application scenario, and therewith less predisposed
to a myopic ‘my thing only’ thinking that is preva-
lent when students encounter ontologies for a first time
that is in line with the UML and EER conceptual data
modelling they are familiar with. Last, but not least,
African wildlife is obviously relevant for South Africa,
where the author and most of her students are based,
and it fits with the trend to make curricula region-
ally relevant. This is also reflected in an isiZulu and
an Afrikaans version of the ontology and introductory
aspects on term use for ontologies in a multilingual
setting, as Impala and Rockdassie are not Standard
English words yet they are widely accepted words in
South African English.
4 Conclusions
The paper introduced the African Wildlife Ontology
tutorial ontologies, which is a set of ontologies used
for a variety of ontology development examples and
exercises. Considering possible desirable educational
outcomes, 22 requirements were formulated that a tu-
torial ontology should meet. The AWO meets most of
[12]http://owl.man.ac.uk/2005/07/sssw/university.html
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these requirements, therewith improving over its pre-
decessors especially reading the notions of evolution of
ontology quality several ontology development tasks
beyond getting the axioms into an OWL file, such as
alignment to a foundational ontology and satisfying
competency questions.
Both the 22 requirements and the AWO are rele-
vant to the field of ontology engineering in particular,
especially for enhancing course material, which, it is
hoped, will result in further quality improvements of
the actual ontologies that developers are building.
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